ABSTRACT.
To Previously, we reported the isolation of clonal teratocarcinoma cybrids formed by fusion of undifferentiated mouse teratocarcinoma PCC4 cells with cytoplasms of rat myoblastic cells L6TG.CAPr, hypoxanthine-guanine phosphoribosyltransferase (HGPRT)-deficient and chloramphenicol (CAP)-resistant double mutants. A high proportion (88%) of these cybrid clones differentiated in various ways: One clone was considered to differentiate into visceral endodermlike cells, whereas another differentiated into trophectoderm-like cells (18) . These results suggested that the cytoplasm of the differentiated somatic cells contained factors capable of inducing pleiotropic differentiation of undifferentiated teratocarcinoma cells. However, donor cytoplasm-specific differentiation, i.e. myogenic, did not occur in these cybrid clones.
This result can be explained in two ways. One is that there was no donor cytoplasm-specific regulator capable of inducing myogenic determination. An alternative possibility is that the introduced cytoplasmic regulators did not function properly, due to the presence of an endogenous inhibitor(s) or inhibitory mechanism that operate in undifferentiated teratocarcinoma cells. It has been reported that undifferentiated stem cells are refractory to infection by the polyoma virus (14, 35) or murine leukemia virus (24, 37) and that these cells may contain endogenous factor(s) that repress the expression of genes controlled by particular kinds of enhancers. If such an inhibitory factor(s) is located mainly in the cytoplasm, then teratocarcinoma reconstituted cells (RC-cells), which are formed by the fusion of karyoplasts of undifferentiated teratocarcinoma cells with the cytoplasms of rat myoblasts, may respond more easily to the cytoplasmic regulatory factor specific for expression of myogenic phenotypes than the cybrids in which the cytoplasm of teratocarcinoma cells remain intact.
In the present study, we examined this possibility by isolating teratocarcinoma RC-cells clonally. For this, we prepared three markers, two genetic and one physical. First, we transferred a neor gene which confers resistance against geneticin (G418) to the karyoplast donor PCC4 cells as a dominant selectable nuclear marker (34) , since HAT-resistant rat L6TG.CAPr cells appeared during HAT selection used in the previous study (18) . Second, we used CAP-resistant rat myoblast L6TG.CAPr cells as cytoplast donors. Third, the karyoplast donor PCC4-neor cells were labeled with latex beads, which were incorporated only into the cytoplasm and not the nucleus, before karyoplast isolation, to confirm the absence of cytoplasm. This marker distinguishes the RC-cells from cybrids, hybrids or spontaneously transfomed CAP-resistant PCC4-neor cells, if they appear (38). We isolated several clonal cells which were idetified as teratocarcinoma RC-cells by these genetic and physical markers and also by karyotype analysis. All the clonal RC-cells expressed myoblast-like morphologies of three distinct types immediately after fusion, in contrast with the morphology of the teratocarcinoma cybrids isolated previously.
The phenotypic expression of these RC-cells was compared with those of PCD-1 cells, since this myoblast line derived from the similar OTT 6050 embryoid bodies from which PCC4 cells also derived (3). The RC-cells and PCD-1 cells did not express alkaline phosphatase (ALP-ase) activity showing differentiation (11), while parental PCC4-neor cells expressed it strongly.
After the induction of myogenic differentiation by treatments with excess thymidine and conditioned medium, two RC-clones were capable of forming short multinucleated cells consisting of [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] myotubes when treated with various inducers of myogenic differentiation. As an inducer, conditioned medium (10) was prepared from either myotube-forming rat myoblasts L6P2 or mouse myoblasts G-8 cells (7) . The rat cells formed a few large, branched myotubes, as shown in Fig. 5a , while the mouse cells formed many short tubes (Fig. 5b) . After treatment of six RC-clones with excess thymidine (final 5 mM) for 48 h to arrest DNA synthesis and then with conditioned medium prepared from G-8 cells for two days, several short tube-like structures were seen in two clones, Cl. 12-1 (Type II) and Cl. 14-1 (Type III) (Fig. 5c ), whereas excess thymidine alone did not induce these structures. These structures had more than 10 to 20 nuclei of homogenous sizes (Fig. 5d) . The percentage of appearance of these multinucleated cells was estimated to be 1-2% in two clones by counting according to the study of Ewton and Florini (11) . However, the frequency of forming short tubes varied in different dishes. From these RC-cells which formed short tubes were selected and recloned. They were referred to as TTC-1 (subclone of Cl. 12-1) and TTC-2 (subclone of Cl. 14-1 not detected in TTC-1 and --2 cells (Fig. 6D) . Thus, TTC cells expressed only incompletely myogenic differentiation. Fine structure of multinucleated cells. The development of 10 nm filaments in cells at an early stage of myogenic differentiation has been reported (32, 33) . We examined the fine structure of the multinucleated cells under electron microscopy. We found well developed 10 nm filaments in a few cells of induced TTC-1 and -2 cells while not in non multinucleated RC-cells. Parental PCC4-neor cells were also negative. One example of 10 nm filaments appeared in TTC-1 cells is shown in Fig.  7 . These filaments appeared in two oppositing cells, and run parallel to the longitudinal axis of the cells, as shown by arrows. induces not only myogenic lineage but also induces the determination of other mesodermal lineage, such as chondrocytes and adipocytes. However, the determination by cytoplasmic factors is restricted to the myogenic lineage. Therefore, the mechanism of myogenic determination by 5-Aza C and by cytoplasmic factor seems to be different. One of the most important findings in the present study was that the myogenic determinants were still present and operated in the cytoplasm of rat myoblast L6TG.CAPr cells in spite of the fact that the parental cells of the myoblasts, L6, were established from rat thigh muscles 20 years ago (40). Therefore, it is suggested that myogenic phenotypes of the myoblasts are maintained positively by the regulatory factors which are constitutively synthesized by these cells, rather than that the myogenic phenotypes are induced irreversibly by a transient stimulus occurring at the time of cell lineage determination. Recently, Davis et al., (9) reported that expression of a single transfected cDNA, Myo D, converts mouse fibroblasts to myoblasts. This Myo D seems to be regulatory DNA which determines myogenic lineage, and was expressed normally in only skeletal muscle in vivo and in vitro. In view of this connection, it is possible that cytoplasmic myogenic determinants in the present study are among the cellular activators for myogenic regulatory DNA.
Thus, both the existence of the regulatory DNA responsible for coordinating activation of all the muscle structural genes, and cellular factors (activators) for the regulatory DNA, appear to be essential for the expression of myogenic phenotypes.
The reconstituted cell system will be useful to elucidate nucleus-cytoplasm interaction, and the mechanism of gene activation in mammalian cells. (Received for publication, April 16, 1988) 
